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Abstract: The classical airborne LiDAR filtering algorithms show good results on most landscapes, but they
suffer from low-level adaptability on steep slopes. Thus, to improve the filtering performance under different
environments, a surface interpolation-based filtering algorithm with segmentation was proposed. Firstly, the
original point clouds were grouped into a set of segments and one set of scattered points by an improved region
growing method. Then, the segments and the scattered points were classified simultaneously using a weighted
least square algorithm. The benchmark dataset provided by International Society for Photogrammetry and Remote
Sensing(ISPRS) was used to validate the performance of the proposed method. Results illustrate that the proposed
method outperforms the state-of-the-art filtering methods on 11 out of 15 samples, showing its strong adaptability
to different terrain environments. Moreover, the proposed method has the lowest average total error. Filtering
three samples of high-density with different terrain features also demonstrates the promising performance of the
proposed method.
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Fig.3 Improved region growing method
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Inputs: {P}: Raw point cloud, w,: moving window
size, 6y,: angle threshold, ry,: residual threshold, #: DTM
resolution, dy: elevation difference threshold, Q(-): ex-
tended local minimum method, ®(-): improved region
growing segmentation

Output: Ground seeds {S}

Initialize: Ground seeds {S}=0, Segments index
{SE}=0, Scatter index (SC)=0, Elevation difference
{D}=0, Number of newly detected ground points n=1

1 Select ground seeds: {S}«—Q({P}, w,)

2 Segment {P} into a set of segments and one
set of scatter: ({SE},{SC})—®({P},{S},0u, n)

3 for i=1 to 3 do

4 while n!=0 do

5 n=0

6 Interpolate  DTM using TPS:
{DTM}—TPS({S},h)

7 Fit the plane of each grid using weighted
least squares: {(a,b,c)} <—WLS({DTM})

8 for j=1 to Num({P}) do

9 Find the grid to which P; belongs

10 Calculate the elevation difference

between P; and its grid: d=z;-(apx+by+c;)
11 {D}—d,
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12 end for 28 h=h/2; dy=dy+0.1
13 for k=1 to Num({SE}) do 29 end for
14 if Num(D {SE,}<dy)>50%*xNum(SE,) 30 Return {S}

e s ? RREREHA
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F1 15 BHEHRASEMRREE
Tab.1 Optimized parameters and filtering accuracy of the proposed method on the 15 samples
Optimized parameters Accuracy measures
Sample
wy/m Oy/rad Fg/m h/m dy/m T.I T.I T.E. K

11 16 0.1 0.3 3 0.7 9.02% 10.69% 9.73% 80.15%

12 16 0.1 0.25 2 0.3 2.01% 3.08% 2.53% 94.93%

21 16 0.1 0.1 2 0.2 0.33% 3.13% 0.95% 97.23%

22 28 0.1 0.1 2 0.4 1.47% 8.16% 3.55% 91.61%

23 20 0.1 0.2 3 0.35 3.05% 5.74% 4.32% 91.33%

24 25 0.1 0.1 2 0.35 3.24% 8.65% 4.73% 88.38%

31 23 0.1 0.2 4 0.1 0.44% 1.20% 0.79% 98.40%

41 26 0.1 0.2 3 0.4 2.32% 2.58% 2.45% 95.11%

4 30 0.1 0.05 3 0.35 0.80% 0.77% 0.78% 98.13%

51 15 0.1 0.1 4 0.3 1.11% 4.11% 1.73% 94.92%

52 19 0.1 0.1 6 0.41 1.11% 17.10% 2.79% 84.63%

53 6 0.25 0.4 3 0.33 1.20% 37.87% 2.68% 63.79%

54 16 0.1 0.25 2 0.4 1.31% 3.36% 2.41% 95.17%

61 6 0.3 0.2 2 0.7 0.77% 7.05% 0.98% 86.19%

71 21 0.1 0.05 3 0.6 0.73% 6.33% 1.36% 93.20%
Average 1.93% 7.99% 2.79% 90.21%
Median 1.20% 5.74% 2.45% 93.20%

STD 2.15% 9.27% 2.28% 9.00%
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Fig.5 Total errors of the proposed method against and the 15 filtering algorithms
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Fig.6 Filtering results of the proposed method on samp11, samp21, samp51 and samp52
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Tab.2 Filtering accuracy of the proposed method against the 4 filtering algorithms

Method CSF PTD PMF MHC Proposed
Accuracy measure Total Kappa Total Kappa Total Kappa Total Kappa Total Kappa
sl 10.38% 67.67% 7.44% 75.49% 7.43% 74.41% 7.44% 76.29% 3.91% 92.15%
s2 14.21% 65.09% 7.30% 82.87% 8.03% 81.04% 5.06% 88.20% 2.95% 93.19%
s3 15.95% 68.25% 5.40% 89.20% 3.85% 92.31% 4.19% 91.61% 3.19% 93.61%
Average 13.51% 69.21% 6.71% 83.07% 6.44% 85.79% 5.56% 84.77% 3.55% 92.62%

K 8 (a) ZHBARMER N EELE 2 KBHAE DEM. (b) H . (c) MHC, (d) PMF, (e) PTD LI/ (f) CSF
Fig.8 (a) Reference data and interpolated DEMs of (b) proposed method, (¢) MHC, (d) PMF, (e) PTD and (f) CSF on s2
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